Background--Lack of participation in cardiac rehabilitation (CR) and slow gait speed have both been associated with poor longterm outcomes in older adults after acute myocardial infarction (AMI). Whether the effect of CR participation on outcomes after AMI differs by gait speed is unknown.
S
low gait speed, along with other frailty measures, has been associated with all-cause mortality, adverse surgical outcomes, and incident disability and cardiovascular disease. [1] [2] [3] [4] [5] [6] [7] Although gait speed may change over time, 8, 9 the most effective treatment for improving the outcomes of patients with slow gait speed and cardiovascular disease is less clear. Exercise is the most studied intervention 10, 11 but remains underused because of lack of widespread screening and logistical challenges in designing exercise programs specific to older frail patients. Cardiac rehabilitation (CR) combines exercise and lifestyle interventions, and it is a guideline-recommended therapy after acute myocardial infarction (AMI). 12 Therefore, CR is an attractive potential way to improve outcomes of older patients with AMI and slow gait speed. Data suggest that older patients are less likely to be referred to CR, 13, 14 but it is not known how slow gait speed affects referral to, or participation in, CR. In addition, it is unknown whether patients with slow gait speed who participate derive similar (or perhaps greater) benefit from CR as patients with normal gait speed do. We aimed to describe the demographic, clinical, and social characteristics of patients with AMI with slow gait speed who did and did not participate in CR to understand potential barriers to participation. Furthermore, we sought to assess whether CR participation affected the association of slow gait speed with 1-year mortality and disability among patients aged ≥65 years after hospitalization for AMI.
Methods Participants and Baseline Patient Characteristics
Participants were identified from the TRIUMPH (Translational Research Investigating Underlying Disparities in Recovery From Acute Myocardial Infarction: Patients' Health Status) registry. The design and rationale of the TRIUMPH registry was previously described. 15 Briefly, the TRIUMPH registry was a 24-site US study that prospectively enrolled patients admitted with an AMI from April 11, 2005 to December 31, 2008. Eligible patients had elevated cardiac biomarkers and additional clinical evidence supporting the diagnosis of an AMI (eg, prolonged ischemic signs/symptoms or electrocardiographic ST changes) during the initial 24 hours of admission. Baseline data were obtained via chart abstraction and a detailed clinical interview by trained researchers. Follow-up occurred at 1, 6, and 12 months after AMI with a structured interview. Participants could opt for an additional in-person assessment at 1 and 6 months that included laboratory data, biometric and hemodynamic assessments, and, for patients aged ≥65 years, gait speed assessments. This current analysis is limited to patients aged ≥65 years who completed the 1-month in-home assessment and had both gait speed and CR participation status data available ( Figure S1 ). Those without in-home visits were similar in age, sex, and race, but had lower educational attainment and had more activities of daily living (ADL) impairment at baseline, as previously described. 2 Participants provided written informed consent for in-hospital and follow-up assessments, and the institutional review board at each participating site approved the protocols. The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results. 17 The TICS-m is scored from 0 to 39, with scores <19 indicating moderate to severe cognitive impairment. CR participation at 1 month was assessed by asking "Were you encouraged to participate in a CR program at the time you left the hospital after your heart attack or heart problem?" and "Did you participate in the program?" Participants who answered "yes" to both questions were counted as having participated in CR.
One-Year Outcomes: Death and Disability
The primary outcome was death or new disability 1 year after AMI. Death was assessed via follow-up interview and the Social Security Master Death File. New disability was defined as a decrease in ≥1 ADLs between the 1-and 12-month interviews. ADLs were assessed by the EuroQol 5-Dimensions questionnaire. 18 Participants are asked to identify whether they have "no problem," have "some problems," or are unable to perform functions in the following categories: (1) mobility (walking about), (2) self-care (washing or dressing), and (3) usual activities (work, study, housework, and family or leisure activities). Disability at 1 year was defined as a decrease in ability to perform at least 1 ADL. For example, a patient who rated mobility at baseline as having no problem but at 12 months as having some problems met the outcome of disability.
Statistical Analysis
Demographic and clinical characteristics and unadjusted 1-year outcomes were compared between patients who did and did not participate in CR, using t tests for continuous variables and v 2 test or Fisher's exact test for categorical variables.
Categorical variables are shown as percentages, and continuous variables are shown as means with SDs. Logistic regression was used to assess the association between gait speed, CR participation status, and 1-year death or disability. There were a limited number of events; therefore, we constructed a parsimonious multivariable logistic regression
Clinical Perspective
What Is New?
• Slow gait speed (a marker of frailty) did not modify the benefit that older patients derived from cardiac rehabilitation after acute myocardial infarction.
What Are the Clinical Implications?
• Slow gait speed alone should not preclude referral to cardiac rehabilitation in older adults who experience acute myocardial infarction.
model. We used a hierarchical model to account for clustering by site. Variables included the GRACE (Global Registry of Cardiac Events) score 19 to account for traditional cardiovascular risk factors, TICS-m score <19 for cognitive impairment, gait speed status, CR participation status, and the interaction between gait speed and CR participation. Participants missing CR participation data (n=9), gait speed (n=89), TICS-m (n=3), or change in ADLs from 1 to 12 months (n=38) were excluded ( Figure S1 ). Mortality status and GRACE score were collected on all participants.
All analyses were performed using SAS, version 9.4.
Results
Among 4340 patients with AMI enrolled in the TRIUMPH registry, 1314 were aged ≥65 years and survived 1 month after discharge. Of patients who were eligible for in-home assessment, 329 (25%) participated and had both CR and gait speed data available. Approximately half (n=177; 53.7%) of these patients had slow gait speed, and 220 (66.7%) did not participate in CR. Of the patients who did not participate in CR, most (n=127; 58%) were never encouraged to participate. Of the 202 patients who were encouraged to participate in CR, 109 (54%) did not.
Demographic and clinical differences by gait speed and CR participation status
Compared with patients with normal gait speed, patients with slow gait speed were less likely to be encouraged to participate in CR (55.7% versus 68.9%; P=0.014) and were less likely to actually participate in CR (27.1% versus 40.1%; P=0.012). Among patients with slow gait speed, those who did not participate in CR were more likely to be older, women, nonwhite, and unmarried; have lower education and socioeconomic status; and have more cardiac and noncardiac comorbidities than those who did. Among patients with normal gait speed, there were fewer demographic and clinical differences between those who did and who did not participate in CR, although non-CR participators were more likely to be nonwhite, have lower education, and have more cognitive impairment (Table 1 and Table S1 ).
One-Year Outcomes by Gait Speed and CR Participation Status
Among the 329 patients, 19 (5.8%) died and 66 (24.2%) had a loss of ≥1 ADLs at 1 year after AMI. In unadjusted analyses, both slow gait speed and lack of CR participation were associated with higher rates of death or disability (Table 2) . Gait speed as a continuous variable also demonstrated a dose-response relationship in risk for poor outcomes. For every 0.1-m/s decrease in gait speed, the odds of experiencing death or disability in the 1 year after MI increased by 11% (adjusted odds ratio, Table 3 and Figure S2 ). However, the interaction between gait speed and CR participation was not significant (P=0.70).
Discussion
In this observational analysis, patients with slow gait speed were less likely to be encouraged to participate in CR after AMI, and when referred, were less likely to participate. Both slow gait speed and CR nonparticipation were independently associated with greater odds of 1-year death or disability. Furthermore, the interaction analysis suggested that CR participation was similarly associated with 1-year outcomes, in both gait speed groups. Although slow gait speed has been shown in several studies to be associated with increased risk of poor outcomes, [1] [2] [3] 5 interventions designed to treat frailty (which can be measured by gait speed) and, thus, mitigate the poor outcomes associated with it, have had mixed results. 10, 11 Exercise is the most promising intervention in frail older adults, 10,11 thereby making CR arguably even more important to frail (versus nonfrail) patients after AMI. However, we found that patients with slow gait speed are much less likely to be encouraged to participate in CR, and if encouraged, are less likely to actually participate than those with normal gait speed. Although CR is underused in eligible patients of all age groups, older age is associated with lower referral rate and lower participation in CR. [20] [21] [22] Despite these challenges, older adults still can have a significant benefit from CR, both in terms of survival and maintenance of independence. 13, 23 We found that patients with slow gait speed who did not participate in CR had a greater burden of comorbidities than those who did participate, and they more likely experienced economic, cognitive, and social barriers to CR participation. These data suggest that novel design and implementation of CR programs accessible to all older adults, particularly those with slow gait speed, is imperative. The first barrier to CR participation is encouragement and referral. Although frail older adults may derive benefit from CR, our data show that they are less likely to be referred. One of the strongest predictors of whether an eligible patient will participate in CR is physician endorsement of the program 24, 25 ; therefore, standardized referral to CR after AMI, regardless of age, frailty, or socioeconomic status, is an important first step. CR services must be able to handle increased referrals. Therefore, expanding traditional CR programs may be facilitated by recent policy change by allowing well-qualified advanced practice providers to supervise CR. This may also improve access to CR, particularly for older adults who live in rural areas. 26 Furthermore, novel strategies, such as home-based CR, could be used to circumvent the transportation and cost-related barriers to participation. Although long-term outcome and safety data are lacking, home-based CR programs in general achieve similar outcomes to center-based programs, 27 with small studies also showing benefit among older adults. 13, 28 Future work should also focus on the design of a structured exercise intervention that is feasible and safe for patients with slow gait speed who cannot participate in a traditional CR program (eg, Tai chi 29, 30 or encouraged walking with accelerometer feedback 31 ).
Limitations
The current study must be interpreted in the context of several limitations. First, the number of patients in the TRIUMPH registry with gait speed data was relatively small, limiting comparisons among subgroups. We excluded patients with missing data, which could skew our results if those data were not missing at random. Our small sample had a limited number of outcome events, which precluded us from adjusting for surrogates of socioeconomic status (race, income, and education). Previous data do suggest that TRIUMPH registry participants who participated in the home visit had higher socioeconomic status than those who did not. 2 Our small sample size and low number of outcome events may also explain our nonsignificant interaction term for gait speed and CR participation status, and limit insight into the potential mechanisms for CR improving outcomes in patients with slow gait speed. CR participation status was patient reported, which limited our ability to assess the intensity of CR participation. Disability was assessed with the EuroQol 5 Dimensions, which is not a standard ADL assessment tool and, therefore, does not inquire about all ADLs. In addition, we did not have an assessment of instrumental ADLs. As such, we may be underestimating the degree of disability in the cohort. Gait speed was assessed at 1 month after the AMI hospitalization; therefore, our results are only applicable to those who survive at least 1 month. In addition, it is unclear if CR participation that occurred before the 1-month follow-up affected gait speed. Finally, we also do not know the specific reasons for nonparticipation in CR, which could better inform our conclusions about barriers to CR.
Conclusions
In older adults hospitalized for AMI, slow gait speed, a marker of frailty, at 1 month was common and associated with lower CR participation. Both slow gait speed and lack of CR participation were associated with increased 1-year mortality and disability. The beneficial effect of CR participation did not differ by gait speed. Further research should focus on strategies to increase CR participation in these vulnerable patients, including the development of home-based and less intensive exercise therapies tailored to this population.
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